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ABSTRACT 


/iewers  watching  a  narrated  movie  are  simultaneously  presented  information  in 
two  media,  visual  and  verbal/ auditory.  This  study  shows  there  is  no  competition 
for  resources  in  an  educational  movi*::  when  one  is  encoding  information  in  one 
medium,  one  is  not  hindered  from  encoding  information  in  the  other.  Even  when  the 
visual  and  linguistic  information  are. presented  sequentially,  doubling  study  time, 
no  more  information  is  extracted  than  in  an  intact  movie.  College  students  are 
good  dual  media  processors.  In  a  sequential  presentation,  spoken  narration  first 
and  visuals  second  is  far  inferior  to  visuals  first  and  narration  second.  When 
the  verbal  material  in  a  sequential  presentation  is  read  rather  than  listened  to, 
order  does  not  matter.  Regarding  retention,  much  information  is  extracted  from 
linguistic  material,  but  only  half  remains  after  a  week.  Less  information  is 
extracted  from  visual  material,  but  it  stays  over  a  week.  Practical  applications 
are  discussed 
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Encoding  and  Retaining  Information  in  the  Visuals 
and  Verbals  of  an  Educational  Movie 

In  watching  a  narrated  movie,  a  person  receives  simultaneous  information  in 
two  media,  visual  and  verbal /auditory.  This  report  examines  how  well  college  students 
encode  the  information  in  the  visuals  versus  that  in  the  verbals,  of  an  educational 
movie,  and  how  well  they  retain  information  from  the  two  different  media  over  a 
delay. 

Work  in  information  extraction  from  film  and  other  dual  media  presentations, 
such  as  pictures  and  words,  has  been  done  by  many  authors,  including  Baker  and  Popham 
(1965);  Dwyer  (1968);  Hochberg  (1978);  May  and  Lumsdaine  (1958);  Olson  (1974);  Peeck 
(1974);  and  Salomon  (1979).  However,  no  previous  study  has  dealt  with  the  issues 
which  will  be  looked  at  here. 

The  study  investigates  two  main  topics.  The  first  i:  a  comparison  of  encoding 
and  retention  of  visual  versus  linguistic  information.  The  linguistic  information 
will  be  studied  in  two  ways,  either  auditorily,  by  listening  to  the  film's  sound¬ 
track,  or  by  reading  it  as  written  text.  The  second  topic  is  the  order  of  presenta 
tion  of  the  visual  and  linguistic  information.  Three  orders  will  be  investigated: 

(1)  synchrony,  as  in  an  intact  movie  with  soundtrack;  (2)  the  movie's  visuals, 
played  silently  with  the  soundtrack  turned  off,  followed  immediately  by  the  verbals 
with  the  visuals  turned  off;  and  (3)  verbals  with  visuals  turned  off,  followed 
immediately  by  visuals  shown  silently. 

Information  obtained  from  these  different  stimulus  conditions,  and  from  the 
conditions  of  visuals  only  or  verbals  only,  will  be  compared  to  that  of  a  control 
group  which  is  given  no  stimulus  presentation. 

For  convenience  in  terminology,  the  expressions  linguistic  information  and 
verbals  will  be  used  as  synonyms,  and  will  mean  euner  text  or  narration.  Text 
will  mean  written  text,  taken  verbatim  from  the  film's  soundtrack.  Narration  will 
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mean  the  film's  auditory  soundtrack.  Visuals  will  mean  the  film's  moving  pictures, 
shown  silently.  Movie  will  mean  narration  and  visuals  in  synchrony.  The  test 
used  to  evaluate  the  information  obtained  will  be  given  either  at  zero  delay, 
which  will  mean  immediately  after  presentation  of  the  study  material,  or  after  a 
seven  day  delay,  which  will  mean  a  week  after  presentation  of  the  study  material. 

Combining  visual  and  linguistic  information  in  all  possible  stimulus  presenta¬ 
tions,  with  tests  at  zero  and  seven  day  delay,  yields  17  conditions.  They  are: 

0.  No  information  (group  given  no  stimulus  presentation). 

1.  Text  -  zero  delay  (T-0). 

2.  Narration  -  zero  delay  (N-0). 

3.  Visuals  -  zero  delay  (V-0). 

4.  Text  first;  visuals  second  -  zero  delay  (TV-0). 

5.  Narration  first;  visuals  second  -  zero  delay  (NV-0). 

6.  Visuals  first;  text  second  -  zero  delay  (VT-0). 

7.  Visuals  first;  narration  second  -  zero  delay  (VN-0). 

8.  Movie  -  zero  delay  (M-0). 

9-16.  Identical  to  1  through  8,  except  the  test  is  given  seven  days  after  the 
stimulus  presentation. 

The  study  time  is  different  in  different  groups.  Single  presentations  (groups 
1.  2,  and  3;- and  9,  10,  and  11)  and  synchronous  presentations  (8  and  16)  have  a 
study  time  of  11  min.  Sequential  presentations  (4,  5,  6,  and  7;  12,  13,  14,  and  15) 
are  studied  for  22  min. 

The  study  answers  three  specific  questions: 
la.  A  movie  presents  visual  and  narrative  information  simultaneously.  Does 
simultaneous  presentation  lead  to  poorer  encoding  of  information  presented  by  each 
medium  (visual  and  narration)  than  when  the  information  from  the  two  media  is 
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presented  sequentially?  Such  a  finding  could  be  an  example  of  competition  for 
sources.  It  would  mean  t!iat  when  a  person  is  encoding  information  from  one  source, 
the  person  is  hindered  in  encoding  information  at  the  same  time  from  another  source, 
lb.  Is  there  an  increase  of  information  extracted  when  the  study  time  is  doubled 
in  the  sequential  presentations? 

Information  extracted  in  the  movie  condition,  if  it  is  less  than  in  the  sequen¬ 
tial  presentations,  could  be  less  for  one  or  both  of  two  reasons:  (a)  competition 
for  resources;  and  (b)  shorter  study  time. 

2a.  In  the  sequential  presentations,  does  it  matter  whether  the  linguistic  informa¬ 
tion  is  heard  or  read? 

2b.  In  the  sequential  presentations,  does  order  of  input  (visual  first  and  linguistic 
second,  or  linguistic  first  and  visual  second)  make  a  difference? 

3.  What  is  the  effect  of  delay  on  information  obtained  from  different  media?  Is 
it  the  same  for  visual  and  linguistic  information,  or  different? 

The  answers  to  these  questions  have  practical  applications  which  will  be 

V 

•discussed,  about  how  to  present  dual  media  educational  material  for  good  encoding 
and  good  retention. 

METHOD 

Subjects 

459  students  in  introductory  psychology  classes  at  the  University  of  Colorado 
in  Boulder  and  the  University  of  Denver  participated  in  partial  fulfillment  of  a 
course  requirement.  They  were  randomly  assigned,  in  small  clusters  of  two  to  eight, 
to  one  of  the  17  groups  described  in  the  Introduction.  Groups  ranged  in  size  from 
25  to  30  people. 

Materials 

The  film  used  is  Plant  Traps:  Insect  Catchers  of  the  Bog  Jungle,  copyright 
1954,  distributed  by  Encyclopedia  Britannica  Filins.  It  is  16mm  sound  and  color, 
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11  min  long,  with  1270  words  of  narration.  The  film  was  chosen  because  it  is  about 
an  interesting  topic  (carnivorous  plants)  with  information  that  is  new  for  most 
people;  it  is  visually  exciting  with  time  lapse  and  extreme  closeups;  and  it  is 
appropriate,  according  to  the  distributor,  for  junior  high  through  college  age 
viewers. 

Sixty  three  questions  on  carnivorous  plants  v/ere  written  by  the  experimenter; 

20  true-false,  17  multiple  choice,  and  26  short  answer.  (The  questions  and  the 
film's  narration,  are  available  from  the  first  author.)  Percentage  correct  on 
these  questions  was  the  dependent  measure.  One  question  thus  accounts  for  1/63  =  1.6% 
of  the  score. 

Examples  of  the  three  types  of  questions  are: 

True  or  false:  Sundew  plants  are  more  active  toward  live  than  toward  dead  prey. 
(Answer:  True), 

Multiple  choice:  How  fast  can  a  healthy  Venus  flytrap  shut?  Pick  the  most  accurate 
answer,  (a)  in  less  than  1/10  sec;  (b)  in  less  than  1/2  sec;  (c)  in  less  than  3 
sec;  (d)  in  less  than  10  sec.  (Answer:  b). 

Short  answer:  What  attracts  insects  to  the  pitcher  plant?  (Answer:  perfume). 
Procedure 

Subjects  in  all  groups  except  the  no  information  control  group  were  told  to 
watch  the  movie  (or  read  the  text  or  listen  to  the  narration,  or  look  at  the  visuals 
with  the  soundtrack  turned  off,  etc.).  They  were  told  before  their  presentation  that 
their  task  afterwards  would  be  to  answer  63  questions  about  carnivorous  plants. 

Subjects  in  the  sequential  presentations  studied  the  input  22  min,  11  min  for 
each  of  two  modalities.  Subjects  in  the  single  presentations  and  in  the  movie 
conditions  studied  it  only  11  min.  Results  from  the  movie  versus  sequential  presenta¬ 
tions  will  answer  question  1  in  the  Introduction. 


-5- 


Subjects  given  the  text  to  read  were  told  they  could  read  it  as  many  timks 
as  they  liked  in  the  11  min  period  and  that  they  could  underline  phrases  or  use 
whatever  strategy  they  chose  to  learn  the  information. 

Each  subject  was  given  a  deck  of  63  numbered  questions,  each  on  a  3  in  x  5  in 
card.  The  order  of  the  questions  was  the  same  for  each  person.  The  control  group 
studied  no  input  but  was  asked  to  try  to  answer  the  questions.  Subjects  in  the 
other  groups  were  given  the  questions  after  study  and  at  the  appropriate  delay 
(zero  or  seven  day). 

Comparing  scores  from  the  sequential  presentation  groups  will  answer  question 
2  in  the  Introduction,  and  comparing  scores  from  the  zero  and  seven  day  delay  groups 
will  answer  question  3  in  the  Introduction. 

A  few  answers  to  earlier  questions  had  to  be  given  in  the  phrasing  of  later 
questions.  Therefore,  questions  were  placed  in  an  envelope,  and  subjects  were 
specifically  instructed  to  take  out  the  inverted  deck,  turn  over  the  top  card, 
question  1,  and  answer  it  on  the  card  or  leave  it  blank,  and  to  return  it  to  the 
envelope.  They  were  then  to  turn  over  question  2,  etc.  They  were  told  that  once 
they  had  placed  a  question  in  the  envelope,  they  could  not  return  to  it  and  change 
their  answer.  They  were  instructed  that  there  was  no  penalty  for  guessing. 

Subjects  were  run  in  small  groups  to  enforce  these  instructions.  Time  to 
complete  the  task  varied  from  25  to  45  min. 

RESULTS  AND  DISCUSSION 

Scoring  the  63  questions  was  done  as  follows.  The  20  true-false  and  17  multiple 
choice  questions  were  objectively  scored  with  full  credit  given  for  the  right  answer 
and  no  partial  credit.  Answers  for  the  26  short  answer  questions  were  decided  on 
by  the  experimenter  and  written  down  with  examples  of  variations  in  the  answers  and 
the  amount  of  credit  to  be  given  for  each  variation  specified.  She  and  a  second 
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experimenter  then  scored  the  26  short  answer  questions  blind.  Where  there  was 
disagreement,  in  less  than  6 %  of  the  cases,  a  discussion  was  held  until  agreement 
was  reached. 

A  person  answering  completely  at  random  would  score  21.04%  correct  by  chance. 
Chance  level  is  calculated  from  the  true-false  and  multiple  choice  questions  only. 

Table  1  shows  the .mean  percentage  correct  on  the  63  questions  for  each  of  the 
17  groups,  the  standard  deviation,  and  the  number  of  subjects  in  each  group. 

Insert  Table  1  About  Here 

To  account  for  the  data,  we  chose  an  additive  model,  which  works  as  follows. 

To  each  .group,  we  attribute  some  number  of  hypothesized  features.  A  particular 
feature  is  therefore  either  present  or  absent  for  a  particular  group.  Each  feature 
has  a  numerical  value,  either  positive  or  negative.  Each  group's  percentage  correct 
on  the  questions  is  the  sum  of  the  values  of  the  features  that  aVe  present  in  the 
group.  * 

The  actual  values  for  the  features  are  determined  by  the  method  of  least  squares 
(Hays,  1963).  In  the  case  of  the  scores  given  here,  we  did  not  a  priori  know  what 
features  to  choose.  The  problem  was  to  find  a  set  of  interpretable  features  that 
explain  the  data  within  experimental  error. 

The  features  chosen  are  shown  in  Table  2.  The  presence  of  a  feature  for  a 
group  is  represented  by  a  1  in  the  feature's  column;  the  absence  is  represented  by  a  0. 

Insert  Table  2  About  Here 

The  theoretical  values  derived  from  the  least  squares  fit  for  the  five  features,  and 
the  names  given  to  the  features  a  posteriori  are: 


feature  1  ■  37.52  (Ka$o1  ir.e) 

feature  2  *  10.92  (linguistic  recency) 

feature  3  a  9.43  (linguistic) 

feature  4  c  9.00  (visual) 

feature  5  *  -4.75  (penalty  for  spoken  narration,  except  when  in  synchrony 

with  visuals) 

These  values  are  the  amounts  of  a  group's  total  percentage  correct  that  can  be 
attributed  to  each  feature,  when  the  feature  is  present  in  the  group. 

A  group's  theoretical  value  can  be  computed  from  the  matrix  in  Table  2  and 
the  feature  values  above.  For  example,  group  5,  narration-visuals,  zero  delay,  has 
four  features  present,  as  shewn  in  Table  2:  Baseline,  linguistic,  visual,  and 
penalty  for  spoken  narration.  Therefore,  its  theoretical  value  is  37.52  +  9.43  + 

9.00  -  4.75  =  51.20%.  (Its  actual  value  is  50.19%.) 

Table  3  gives  the  actual  and  theoretical  values  for  each  group  score,  and  the 
difference  between  the  two.  Using  one  sample  t-tests,  none  of  the  actual  group 

i 

Insert  Table  3  About  Here 

means  is  significantly  different  from  its  theoretical  mean.  Therefore,  the  hypothesis 
that  each  of  the  17  group  scores  consists  of  the  sum  of  the  values  of  the  features 
present  in  that  group  cannot  be  rejected. 

Table  2  shows  that  all  groups  have  feature  1  (baseline)  present,  for  a  value 
of  37.52%.  Feature  2,  linguistic  recency,  is  present  in  all  zero  delay  groups 
with  linguistic  input  except  NV-0.  The' value  for  linguistic  recency  is  10.°.%. 

The  linguistic  feature,  number  3,  with  a  value  of  9.43%,  is  present  in  all  groups 
with  linguistic  input.  Feature  4,  visual,  is  present  in  all  groups  with  visual 
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input,  with  a  value  of  9.00%.  Finally,  feature  5,  a  penalty  for  spoken  narration 
(but  not  written  text),  is  present  in  all  groups  with  (spoken)  narration  except 
the  movie  groups,  which  have  narration  and  visuals  in  synchrony.  Its  value  is  -4.75%. 
An  interpretation  of  this  particular  assignment  of  features,  and  their  values,  will 
be  given  below. 

The  important  question  was  which  features  to  use  to  explain  the  data.  The 

17 

number  of  possible  features  that  might  have  been  chosen  is  2  ,  but  only  5  were 
selected.  Examples  of  two  features  not  used  in  the  analysis  are: 

(1)  A  feature  for  the  movie;  this  feature  would  have  1  in  M-0  and  M-7  and  0 
elsewhere, 

(2)  A  feature  for  delay;  this  feature  would  have  1  in  groups  9-16  and  0  elsewhere. 

The  reason  for  not  using  some  features  is  not  that  they  are  not  existent,  but  that 
their  effect  is  negligible. 

Finding  the  features  presented  in  this  paper  was  done  by  the  following  method. 

A  computer  package  was  prepared  which  allowed  us  to  check  how  a  given  hypothesis 
(namely,  a  matrix  as  in  Table  2,  or  a  set  of  features)  fit  the  data,  and  to  modify 
the  matrix  (for  example,  introduce  new  features,  find  what  new  features  give  the  best 
fit,  or  delete  features  which  were  irrelevant)  to  improve  the  fit.  The  package  was 
written  by  R.  Michael  Perry  and  implemented  on  the  VAX  11/780  under  the  UNIX 
operating  system. 

INTERPRETATIONS  AND  CONCLUSIONS 

Answers  to  the  specific  questions  asked  in  the  Introduction  will  be  provided 
in  turn,  and  practical  applications  of  the  findings  will  be  given. 

Questions  la  and  b: 

There  is  no  evidence  for  competition  for  resources  between  visuals  and  narration 
in  the  intact  movie,  or  for  an  advantage  in  sequential  presentations  of  doubling  the 
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study  time.  On  the  contrary,  subjects  could  both  encode  and  retain  visual  and 
narration  information  occurring  simultaneously  in  the  movie  even  better  than  they 
could  such  information  occurring  sequentially,  even  though  the  sequential  informa¬ 
tion  was  studied  twice  as  long. 

At  2ero  delay,  movie  subjects  scored  68.77%,  the  highest  of  any  group.  The 
best  sequential  presentation  group  with  narration  was  the  group  with  visuals  first 
and  narration  second,  VN-0.  They  scored  60.93%,  significantly  lo«er  than  the  M-0 
group,  t56df  =  3.81,  p  <  .001.  This  result  shows  that  college  students  encode 
related  visual  and  narration  information  better  when  it  is  presented  simultaneously 
than  when  it  is  presented  sequentially. 

Table  2  shows  the  difference  between  the  M-0  and  VN-0  groups  in  terms  of 
features.  The  latter  group  has  feature  5,  a  penalty  for  spoken  narration  when  it 
is  not  in  synchrony  with  the  visuals,  whereas  the  former  group  does  not.  Feature 
5  has  a  value  of  -4.75%.  We  think  that  the  -4.75%  is  due  to  a  decrement  in  encoding 
caused  by  misperceived  phonemes  in  the  VN-0  condition  (and,  as  a  matter  of  fact,  in 
all  listening  conditions  in  which  visuals  are  not  simultaneously  presented,  as  can 
be  seen  in  Table  2).  The  movie's  visuals,  occurring  either  earlier  or  later  than  the 
narration,  do  not  correct  the  misperceived  phonemes.  Evidence  of  such  misperceptions 
was  explicit  in  several  answers  to  short  answer  questions  in  the  listening  conditions: 
"potion"  was  written  rather  than  "portion,"  "foggy"  rather  than  "boggy,"  "sunview" 
rather  than  "sundew."  Such  misperceptions  are  not  found  in  the  synchronous  conditions. 
We  suspect  that,  when  visuals  are  presented  simultaneously  with  spoken  narration, 
the  visuals  help  to  disambiguate  spoken  words. 

Performance  in  the  M-0  condition  does  not  differ  from  that  in  the  sequential 
presentations  when  the  linguistic  material  is  text  rather  than  narration.  As 
mentioned  before,  subjects  reading  the  text  were  allowed  to  use  any  strategy  they 
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chose  to  learn  the  information.  Nevertheless,  there  is  no  evidence  for  negative 
interference  between  visuals  and  narration  in  the  intact  movie. 

The  highest  score  for  a  sequential  presentation  group  when  the  linguistic 
material  was  text  was  66.75%  for  the  group  with  visuals  first  and  text  second  (VT-0). 
This  score  does  not  differ  statistically  from  that  of  the  M-0  group  (t^^  <  1). 

That  the  M-0  group  is  similar  ti  both  the  VT-0  and  TV-0  groups  is  shown  in  Table  2. 
The  features  giving  the  best  fit  for  M-0  are  identical  to  those  in  the  VT-0  and 
TV-Q  groups.  There  is  no  difference  in  encoding  between  the  M-0  and  the  two 
sequential  presentation  groups. 

Turning  now  to  retention  over  a  week,  the  M-7  subjects  score  54.17%,  which  is 
not  significantly  different  from  any  of  the  four  sequential  presentation  groups  by 
two  sample  t-tests.  The  sequential  presentation  group  scores  are  50.63%,  52.77%, 
57,33%,  and  57.30%  for  NV-7,  VN-7,  TV-7,  and  VT-7,  respectively. 

Table  2  shows  the  difference  in  features  of  M-7  versus  NV-7  and  VN-7:  the 
penalty  in  NV-7  and  VN-7  for  spoken  narration  when  not  in  synchrony  with  visuals, 
feature  5,  with  a  value  of  -4.75%.  Still,  the  actual  scores  in  the  3  groups  are 
not  significantly  different.  Table  2  also  shows  there  is  no  difference  in  features 
In  the  M-7,  TV-7,  and  VT-7  groups. 

The  final  conclusion  is  that  people  retain  simultaneously  presented  visual  and 
narration  information  as  well  as  they  do  such  information  presented  sequentially, 
even  when  the  sequential  information  is  studied  twice  as  long  and  the  subjects  are 
allowed  to  read  the  linguistic  information  as  a  text  and  study  it  any  way  they  like. 
There  is  no  evidence  for  competition  for  resources  in  encoding  or  retention  for 
visuals  and  narration  in  synchrony.  College  students  are  good  dual  media  informa¬ 
tion  processors.  An  intact  movie  is  an  efficient  means  of  transmitting  information. 
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Question  2: 

In  the  sequential  presentations  it  does  indeed  matter  whether  the  linguistic 
information  is  heard  or  read:  spoken  narration  and  written  text  interact  differently 
with  visuals.  In  particular,  written  text  can  be  studied  before  or  after  the 
visuals,  and  the  effect  is  the  same.  This  can  be  seen  in  the  similar  percentages 
correct  for  text-visuals  and  visuals-text  at  0  delay  (66.25%  versus  66.73%)  and 
at  7-day  delay  (57.33%  versus  57.30%).  It  can  also  be  seen  in  the  matrix  in  Table  2: 
groups  4  and  6  have  the  same  set  of  features,  and  groups  12  and  14  have  the  same  set 
of  features.  The  difference  between  the  0-  and  7-day  delay  groups  is  a  single 
feature,  linguistic  recency,  with  a  value  of  10.92%.  It  is  present  at  0  delay 
and  absent  after  7  days. 

Something  very  different  happens  for  spoken  narration  at  zero  delay.  When 
it  is  studied  before  the  visuals,  it  is  far  inferior  to  when  it  is  studied  after 
the  visuals.  This  is  shown  by  the  different  percentages  correct  for  narration- 
visuals  and  visuals-narration  at  0  delay  (50.19%  versus  60.93%,  t5Qdf  =  3.89, 
p  <  .001).  It  is  also  shown  in  the  matrix  in  Table  2:  visuals-narration  has  a 
linguistic  recency  feature,  while  narration-visuals  does  not.  This  means  that 
information  in  spoken  linguistic  material  is  encoded  better  when  the  visual  material 
to  which  it  is  related  is  presented  first,  rather  than  second.  When  spoken  linguistic 
material  is  presented  before  the  visuals,  the  results  are  as  poor  as  if  the  linguis¬ 
tic  material  were  not  presented  at  all.  (Visual,  zero  delay  =  47.89%;  narration- 
visual,  zero  delay  =  50.19%,  t55df  <  1). 

Framework  for  Interpreting  the  Auditory/Visual  Interaction 

Presented  here  is  a  brief  overview  of  a  theoretical  framework  which  gives  an 
interpretation  of  why  there  is  a  difference  between  NV-0  and  VN-0,  but  not  between 
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TV-0  and  VT-O.  We  postulate  a  single  conceptual  memory  in  the  form  of  a  semantic 
network.  Stimulus  input  creates  a  set  of  concepts  (nodes  ii  a  semantic  network). 
Concepts  consist  of  many  elements  or  components  from  different  media,  among  them 
auditory  and  visual. 

The  differences  in  the  NV-0,  and  VN-0,  and  M-0  groups  could  be  analyzed  in 
terms  of  how  the  visual  component  associates  with  the  auditory  component.  A 
narrated  synchronous  film  is  input  that  hypothetically  causes  concepts  with  both 
visual  and  auditory  elements,  well  associated,  to  be  formed.  The  clear  superiority 
of  VN-0  over  NV-0  would  indicate  that  auditory  components  create  good  associations 
with  visual  components  presented  earlier.  The  poor  performance  of  NV-0  would  in¬ 
dicate  that  visual  components  do  not  create  good  associations  with  auditory 
components  presented  earlier. 

The  emphasis  here  is  between  audi tory  and  visual.  When  the  linguistic  material 
is  presented  visually,  as  in  the  TV-0  and  VT-0  groups,  the  difference  is  nonexistent. 

The  results  also  fit  with  a  single  memory,  dual  processing  hypothesis,  in 
which  visual  information  is  processed  by  one  unit  (both  visual  linguistic  and 
visual  pictorial),  and  auditory  linguistic  information  by  a  separate  unit.  When  a 
person  uses  the  same  processing  unit  (as  in  TV-0  and  VT-0,  where  the  unit  is  visual) 
good  associations  are  created,  independent  of  order  of  presentation. 

In  the  interaction  between  auditory  and  visual  processing,  it  seems  that  auditory 
processing  occurring  later  than  visual  (VN-0)  brings  in  the  earlier  visual  components 
in  forming  concepts.  But  visual  processing  occurring  later  than  auditory  (NV-0) 
forms  concepts  with  visual  components,  without  bringing  in  the  earlier  auditory/ 
linguistic  components. 
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This  hypothesis  could  be  tested  as  follows.  During  early  occurring  auditory 
input,  some  limited  amount  of  visual  input  could  be  presented,  to  which  the  later 
occurring  visual  input  could  form  associations.  Or,  people  receiving  the  visual 
input  second  could  be  required  to  say  what  they  are  seeing,  which  would  force  the 
formation  of  auditory/linguistic  elements.  If  the  hypothesis  is  correct,  both 
of  these  manipulations  should  improve  performance  in  the  NV-0  group. 

Question  3: 

A  one  week  delay  does  indeed  affect  linguistic  and  visual  material  differently. 
Table  2  shows  that  a  linguistic  recency  feature,  with  a  value  of  10.92%,  is  present 
in  all  zero  delay  groups  with  linguistic  information  except  narration-visuals,  zero 
delay.  Its  value  is  the  highest  of  any  feature  other  than  baseline,  and  it  disappears 
after  a  week.  A  significant  visual  recency  feature  was  not  observed.  The  linguistic 
feature  which  is  present  at  both  zero  and  7-day  delay  has  a  value  of  9.45%;  the 
visual  feature  present  at  both  delays  has  a  value  of  9.00%.  This  study  shows 
that  humans  are  good  at  storing  lots  of  verbal  information  (10.92%  +  9.43%  =  20.35%) 
for  a  short  time,  but  that  less  than  half  of  it  (9.43%)  lasts  over  a  week.  On  the 
other  hand,  visual  information,  once  encoded,  is  retained  over  a  week. 

There  may,  in  fact,  be  a  way  to  cause  the  information  from  the  linguistic 
recency  feature  to  last  over  a  delay.  If,  during  input,  better  visual/verbal  associa¬ 
tions  could  be  presented,  so  that  information  from  the  two  modalities  would  be  more 
strongly  knitted  together,  then  the  longer  lasting  visual  material  might  be  able 
to  be  used  to  retrieve  the  material  from  the  verbal  input. 

Final  Comments 

This  study  has  shown  that  there  is  no  competition  for  resources  when  related 
information  is  presented  in  two  media  (visual  and  verbal /auditory)  simultaneously. 
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Therefore,  synchronous  visual  and  verLil/audi  tory  input  is  an  efficient  way  to 
present  information.  It  is  8%  better  than  presenting  the  visual  information 
first,  followed  by  the  spoken  verbal  information  second,  and  better  by  far  (18%)  than 
spoken  information  first  followed  by  visual  information  second.  The  advantage  of 
a  synchronous  presentation,  in  terms  of  information  extracted,  is  lost  when  one 
compares  sequential  presentations  in  which  the  verbal  information  is  read  rather 
than  listened  to,  at  least  for  the  literate  college  students  tested  here.  Finally, 
information  from  visual  and  verbal  sources  is  encoded  and  retained  differently. 

Lots  of  linguistic  information  is  encoded,  but  only  half  of  it  is  retained  over  a 
week.  Far  less  visual  information  is  encoded,  but  it  all  lasts  over  a  week. 

The  material  used  in  this  study  was  a  standard  educational  film  containing 
scientific  facts.  We  do  not  know  if  the  results  will  generalize  to  other  types  of 
materials  such  as  instructions  or  stories.  We  also  do  not  know  what  the  effect  of 
a  longer  delay  would  be,  nor  whether  different  dependent  measures,  such  as  free 
recall  or  a  test  with  visual  material,  would  give  the  same  results.  But  the  findings 
of  this  study  answer  three  important  questions  and  have  practical  application. 

Namely,  in  a  show  and  tell  presentation,  one  should  not  tell  first  and  show  second. 

To  improve  encoding  and  retention,  one  should  either  show  and  tell  in  synchrony, 
or  show  first  and  tell  second. 


-15- 


References 

Baker,  P.,  and  Popham,  W.  Value  of  pictorial  embellishments  in  a  tape-slide 

instructional  program.  Audiovisual  Communication  Review,  1965,  14^  (4),  397-406. 

Dwyer,  F.  M.  The  effectiveness  of  visual  illustrations  used  to  complement  programmed 
instruction.  Journal  of  Psychology,  1968,  70,  157-162. 

Hays,  W.  6.  Statistics  for  Psychologists.  New  York:  Holt,  Rinehart,  and  Winston, 

1963. 

Hochberg,  J.  The  perception  of  motion  pictures.  In  E.  Carterette  and  M.  Friedman 
(Eds.),  Handbook  of  Perception,  Vol .  X,  Perceptual  Ecology.  New  York:  Academic 
Press,  1978. 

May,  M.  and  Lumsdaine,  A.  Learning  from  Films.  New  Haven:  Yale  University  Press, 

1958. 

Olson,  D.  R.  Media  and  Symbols:  The  Forms  of  Expression,  Communication ,  and  Education. 
The  Seventy- third  Yearbook  of  the  National  Society  for  the  Study  of  Education, 

Part  I.  Chicago:  University  of  Chicago  Press,  1974. 

Peeck,  J.  Retention  of  pictorial  and  verbal  content  of  a  text  with  illustrations. 
Journal  of  Educational  Psychology,  1974,  66^,  881-888. 

Salomon,  G.  Interaction  of  Media,  Cognition,  and  Learning.  San  Francisco:  Jossey- 


Bass  Publishers,  1979. 


-16- 


Footnote 

This  work  was  supported  by  Office  of  Naval  Research  Contract  #N00014-78-C-0433 
and  National  Institute  of  Mental  Health  postdoctoral  followship  #5  F32  MH07588-02 
to  the  first  author.  Some  of  the  results  were  presented  at  the  1980  annual  meeting 
of  the  Psychononn'cs  Society  in  St.  Louis.  We  thank  Agda  Bearden  for  helping  with 
data  collection  and  scoring,  and  R.  Michael  Perry  for  implementing  the  computer 
package  for  data  analysis.  Requests  for  reprints  should  be  sent  to  Patricia  Baggett, 
Psychology  Department,  University  of  Colorado,  Campus  Box  345,  Boulder,  Colorado, 
80309.  This  report  is  #108  of  the  Institute  of  Cognitive  Science's  Technical 
Report  Series. 


-17- 


Table  1 

Mean  Percentage  Correct  on  63  Questions  for  17  Groups 


Mean 


Group 

Percentage 

Correct 

Standard 

Deviation 

Number  of 
Subjects 

0. 

no  information 

38.44 

6.38 

26 

1. 

text-0 

56.69 

10.78 

26 

2. 

narration-0 

53.46 

12.13 

28 

3. 

visuals-0 

47.89 

8.62 

27 

4. 

text-visuals-0 

66.25 

5.33 

27 

5. 

narration-visuals-0 

50.19 

12.02 

30 

6. 

visual s-text-0 

66.73 

9.11 

25 

7. 

visuals-narration-0 

60.93 

8  92 

29 

8. 

movie-0 

68.77 

6.25 

29 

9. 

text- 7 

45.14 

9.30 

30 

10. 

narration-7 

42.19 

6.70 

25 

11. 

visuals-7  ' 

45.09 

8.10 

26 

12. 

text-visuals-7 

57.33 

10.08 

26 

13. 

narration-visuals-7 

50.63 

10.52 

25 

14. 

visual s-text-7 

57.30 

8.57 

27 

15. 

visual s-narration-7 

52.77 

8.38 

27 

16. 

movie- 7 

54.17 

7.92 

26 

Note:  0  =  zero  delay;  7  =  7-day  delay;  text  =  written  text;  narration  =  auditory 
soundtrack.  Groups  4,  5,  6,  7,  12,  13,  14,  and  15  had  sequential  input  presentations 
e.g.,  group  4,  TV-0,  read  the  text  first  and  then  saw  the  visuals  with  the  soundtrack 


turned  off.  These  groups  studied  input  twice  as  long  as  groups  1,  2,  3,  8,  9,  10,  11 


and  16. 


Note:  1  means  a  feature  Is  present  in  a  group's  score;  0  means  It  Is  absent.  *The  NV-0  group  has  no  linguistic 
recency  feature. 


19 


Table  3 

Actual  and  Theoretical  Values  for  Each  Group's  Score,  and  the 
Difference  Between  the  Two 

Actual  Theoretical 

Group _ _ _ Score _ Score _ Pi  ffereri  c  e 


0. 

no  information  s  B 

38.44 

37.52 

.92 

1. 

text-0  «  B+Lr+L 

56.69 

57.43 

-.74 

2. 

narration-0  -  B+LR+L+Np 

53.46 

52.69 

.77 

3. 

visuals-0  ■  B+V 

47.89 

46.95 

.94 

4. 

text-visual s-0  =  B+LR+L+V 

66.25 

66.86 

-.61 

5. 

narration-visual  s-0  =  B+l+V+Np 

50.19 

51.20 

-1.01 

6. 

visuals- text-0  8  B+lR+L+V 

66.73 

66.86 

-.13 

7. 

visuals-narration-0  =  B+lR+L+Vi Np 

60.  y3 

62.12 

-1.19 

8. 

movie-0  *  B+LR+L+V 

68.77 

66.86 

1.91 

9. 

text- 7  «  B+L 

45.14 

46.51 

-1.37 

10. 

> 

narration-7  =  B+L+Np 

42.19 

41.77 

.42 

11. 

visuals-7  =  B+V  * 

45.09 

46.95 

-1.86 

12. 

text-visuals-7  *  B+l+V 

57.33 

55.95 

1.38 

13. 

narrat.ion-visuals-7  =  B+L+V+N„ 

P 

50.63 

51.20 

-.57 

14. 

visuals-text-7  =  B+l+V 

57.30 

55.95 

1.35 

15. 

visual s-narration-7  -  8tL+v+Np 

52.77 

51.20 

1.57 

16. 

movie-7  =  B+L+v 

54.17 

55.95 

-1.78 

Note:  Each  group's  theoretical  score  is  the  sum  of  the  values  of  the  features  that 
are  present. 
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Defense  Technical  Information 
Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 
Attn:  TC 


Center 


1  Military  Assistant  for  Training  and 
Personnel  Technology 

Office  of  the  Under  Secretary  of  Defense 
for  Research  s  Engineering 
Room  3D  129,  The  Pentagon 
Washington,  DC  20301 
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Civil  Govt 


1  Dr.  Susan  Chipman 

Learning  and  Development 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1  Dr.  John  Mays 

National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1  William  J.  McLaurin 
66610  Howie  Court 
Camp  Springs,  MD  20031 

1  Dr.  Arthur  Melmed 

National  Intitute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1  Dr.  Andrew  R.  Molnar 
Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  20550 

1  Dr.  Joseph  Psotka 

National  Institute  of  Education 
1200  19th  St.  NW 
Washington , DC  20208 

1  Dr.  Frank  Withrow 

U.  S.  Office  of  Education 
400  Maryland  Ave.  SW 
Washington,  DC  20202 

1  Dr.  Joseph  L.  Young,  Director 
Memory  &  Cognitive  Processes 
National  Science  Foundation 
Washington,  DC  20550 
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No  n  Govt 


1  Dr.  Erling  B.  Andersen 
Department  of  Statistics 
Stud iestraede  6 
1455  Copenhagen 
DENMARK 

1  Dr.  John  R.  Anderson 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Anderson,  Thomas  H. ,  Ph.D. 

Center  for  the  Study  of  Reading 
174  Children's  Research  Center 
51  Gerty  Drive 
Champiagn,  IL  61820 

1  Dr .  John  Annett 

Department  of  Psychology 
University  of  Warwick 
Coventry  CV4  7AL 
ENGLAND 

1  DR.  MICHAEL  ATWOOD 

SCIENCE  APPLICATIONS  INSTITUTE 
40  DENVER  TECH.  CENTER  WEST 
7935  E.  PRENTICE  AVENUE 
ENGLEWOOD,  CO  80110 

1  1  psychological  research  unit 

Dept,  of  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1  Dr.  Alan  Baddeley 

Medical  Research  Council 

Applied  Psychology  Unit 
15  Chaucer  Road 
Cambridge  CB2  2EF 
ENGLAND 

1  Dr .  Jonathan  Baron 
Dept.  of  Psychology 
University  of  Pennsylvania 
3813-15  Walnut  St.  T-3 
Philadlphia,  PA  19104 
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Mr  Avron  Barr 

Department  of  Computer  Science 
Stanford  University 
Stanford  ,  CA  94305 


Dr .  John  Bergan 
School  of  Education 
University  of  Arizona 
Tuscon  A l  8 5721 


1  CDR  Robert  J.  Biersner 
Program  Manager 
Human  Performance 
Navy  Medical  R&D  Command 
Bethesda,  MD  20014 

1  Dr.  Werner  Birke 

DezWPs  im  Streitkraefteamt 
Postfach  20  50  03 
D-5300  Bonn  2 
WEST  GERMANY 

1  Liaison  Scientists 

Office  of  Naval  Research, 

Branch  Office  ,  London 
Box  39  FPO  New  York  09510 

J  Dr.  Lyle  Bourne 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  8O309 

1  Dr.  Robert  Brennan 

renl°^  °? ! Je8e  Te5tl”«  Prograw 

p.  0.  Box  168 
Iowa  City,  IA  52240 


Dr ,  John  S.  Brown 

?f«XcPal°  Alt0  ResearcD  Center 
3333  Coyote  Road 

Palo  Alto,  CA  94304 

Dr.  Bruce  Buchanan 
Department  of  Computer  Science 
Stanford  University 
Stanford ,  CA  94305 


Non  Govt 


WICAT  INC. 

UNIVERSITY  PLAZA,  SUITE  10 
1160  SO.  STATE  ST. 

OREM,  UT  84057 


1  Dr,  Pat  Carpenter 

Department  of  Psychology 
Carnegie-Mellon  University 
Pittsburgh,  PA  15213 


1  Dr.  John  B.  Carroll 
Psychometric  Lab 
Univ.  of  No.  Carolina 
Davie  Hall  0 1 3A 
Chapel  Hill,  NC  27514 

1  Charles  Myers  Library 
Livingstone  House 
Livingstone  Road 
Stratford 
London  E15  2LJ 
ENGLAND 


1  Dr.  William  Chase 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 
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University  of  Pittsburgh 
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1  Dr.  William  Clancey 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 


1  Dr.  Allan  M.  Collins 

Bolt  Beranek  &  Newman,  Inc. 
50  Moulton  Street 
Cambridge,  Ma  02138 
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Non  Govt 


1  Dr.  Lynn  A.  Cooper 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1  Dr.  Meredith  P.  Crawford 

American  Psychological  Association 
1200  17th  Street,  N.W. 

Washington,  DC  20036 

1  Dr.  Kenneth  B.  Cross 
Anacapa  Sciences,  Inc. 

P.O.  Drawer  Q 

Santa  Barbara,  CA  93102 

1  Dr.  Diane  Damos 

Arizona  State  University 
Tempe,  AZ  85281 

1  Dr  .  Ronna  Dillon 

Department  of  Guidance  and  Educational  P 
Southern  Illinois  University 
Carbondale,  IL  62901 

1  LCOL  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSONNEL  APPLIED  RESEARC 
NATIONAL  DEFENCE  HQ 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1 A  OK 2 

1  Dr .  Ed  Feigenbaum 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 

1  Dr.  Richard  L.  Ferguson 

The  American  College  Testing  Program 

P.O.  Box  168 

Iowa  City,  IA  52240 

1  Mr.  Wallace  Feurzeig 

Bolt  Beranek  &  Newman,  Inc. 

50  Moulton  St . 

Cambridge,  MA  02138 


Non  Govt 


1  Dr  .  Victor  Fields 
Dept,  of  Psychology 
Montgomery  College 
Rockville,  MD  20850 

1  Uriiv.  Prof.  Dr.  Gerhard  Fischer 
Liebiggasse  5/3 
A  1010  Vienna 
AUSTRIA 

1  DR.  JOHN  D.  FOLLEY  JR. 

APPLIED  SCIENCES  ASSOCIATES  INC 
VALENCIA,  PA  16059 

1  Dr.  John  R.  Frederiksen 
Bolt  Beranek  4  Newman 
50  Moulton  Street 
Cambridge,  MA  02138 

1  Dr.  Alinda  Friedman 

Department  of  Psychology 
University  of  Alberta 
Edmonton,  Alberta 
CANADA  T6G  2E9 

1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1  Dr.  Marvin  D.  Glock 
217  Stone  Hall 
Cornell  University 
Ithaca,  NY  14853 

1  Dr.  Daniel  Gopher 

Industrial  &  Management  Engineering 
Technion-Israel  Institute  of  Technology 
Haifa 
ISRAEL 

1  DR.  JAMES  G.  GREEN0 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 


muii-nu.-.,-  -^--n.LiwjumqiwgMP 


COLORADO/ BAGGETT  October  23,  1981 


-28- 


Nori  Govt 


1  Dr.  Ron  Hambleton 
School  of  Education 
University  of  Massachusetts 
Amherst,  MA  01002 

1  Dr  .  Harold  Hawtcins 

Department  of  Psychology 
University  of  Oregon 
Eugene  OR  97403 


Non  Govt 


1  Dr.  Walter  Kintsch 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1  Dr.  David  Kieras 

Department  of  Psychology 
University  of  Arizona 
Tuscon,  AZ  85721 


1  Dr  .  Barbara  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 

1  Dr.  Frederick  Hayes-Roth 
The  Rand  Corporation 
1700  Mair.  Street 
Santa  Monica,  CA  90406 

1  Dr.  James  R.  Hoffman 

Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 

1  Dr.  Kristina  Hooper 
Clark  Kerr  Hall 
University  of  California 
Santa  Cruz,  CA  95060 

1  Glenda  Greenwald,  Ed. 

"Human  Intelligence  Newsletter" 
P.  0.  Box  1163 
Birmingham,  MI  48012 

1  Dr.  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  98105 

1  Dr.  Ed  Hutchins 

Navy  Personnel  RAD  Center 
San  Diego,  CA  92152 

1  Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 


1  Dr.  Kenneth  A.  Klivington 
Program  Officer 
Alfred  P.  Sloan  Foundation 
630  Fifth  Avenue 
New  York,  NY  10111 


1  Dr.  Stephen  Kosslyn 
Harvard  University 
Department  of  Psychology 
33  Kirkland  Street 
Cambridge,  MA  02138 

1  Dr.  Marcy  Lansman 

Department  of  Psychology,  NI  25 
University  of  Washington 
Seattle,  WA  98195 


1  Dr.  Jill  Larkin 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 


1  Dr.  Alan  Lesgold 
Learning  R&E  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 


1  Dr.  Michael  Levine 

Department  of  Educational  Psychology 
210  Education  Bldg. 

University  of  Illinois 
Champaign,  IL  61801 


1  Dr.  Robert  Linn 

College  of  Education 
University  of  Illinois 
Urbana,  IL  61801 
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Nori  Gov  t 


1  Dr.  Erik  McWilliams 

Science  Education  Dev.  and  Research 
National  Science  Foundation 
Washington,  DC  20550 

1  Dr .  Mark  Miller 

TI  Computer  Science  Lab 
C/'O  2824  Winterplace  Circle 
Plano,  TX  75075 

1  Dr.  Allen  Munro 

Behavioral  Technology  Laboratories 
1845  Elena  Ave.,  Fourth  Floor 
Redondo  Beach,  CA  90277 

1  Dr.  Donald  A  Norman 

Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  Committee  on  Human  Factors 
JH  811 

2101  Constitution  Ave.  NW 
Washington,  DC  20418 

1  Dr.  Jesse  Orlansky 

Institute  for  Defense  Analyses 
400  Army  Navy  Drive 
Arlington,  VA  22202 

1  Dr.  Seymour  A.  Papert 

Massachusetts  Institute  of  Technology 
Artificial  Intelligence  Lab 
545  Technology  Square 
Cambridge,  MA  02139 

1  Dr.  James  A.  Paulson 

Portland  State  University 
P.0.  Box  751 
Portland,  OR  97207 

1  Dr.  James  W.  Pellegrino 
University  of  California, 

Santa  Barbara 
Dept,  of  Psychology 
Santa  Barabara,  CA  93106 


Non  Gov  t 


1  MR.  LUIGI  PETRULL0 

2431  N.  EDGEWOOD  STREET 
ARL.NGT0N,  VA  22207 

1  Dr.  Richard  A.  Poliak 

Director,  Special  Projects 
Minnesota  Educational  Computing  Consort 
2520  Broadway  Drive 
St.  Paul ,MN  55113 

1  Dr.  Martha  Poison 

Department  of  Psychology 
Campus  Box  346 
University  of  Colorado 
Boulder  ,  CO  80309 

1  DR.  PETER  POLSON 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER,  CO  8O309 

1  Dr.  Steven  E.  Poltrock 

Department  of  Psychology 

University  of  Denver 

Denver, CO  80208 

1  Dr.  Mike  Posner 

Department  of  Psychology 

University  of  Oregon 

Eugene  OR  97403 

1  MINRAT  M.  L.  RAUCH 
P  II  4 

BUN  DE3M I N IS  TER I UM  DER  VERTEIDIGUNG 

P0STcACH  1328 

D-53  BONN  1,  GERMANY 

1  Dr.  Fred  Re  if 

SESAME 

c/o  Physics  Department 
University  of  California 
Berkely,  CA  94720 

1  Dr.  Lauren  Resnick 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 
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Non  Govt 


1  Mary  Riley 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1  Dr.  Andrew  M.  Rose 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  20007 

1  Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill ,  NJ  0797*1 

1  Dr.  David  Rumelhart 

Center  for  Human  Information  Processing 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  DR.  WALTER  SCHNEIDER 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  ILLINOIS 
CHAMPAIGN,  IL  61820 

1  Dr.  Alan  Schoenfeld 

Department  of  Mathematics 
Hamilton  College 
Clinton,  NY  13323 

1  DR.  ROBERT  J.  SEIDEL 

INSTRUCTIONAL  TECHNOLOGY  GROUP 
HUMRRO 

300  N.  WASHINGTON  ST. 

ALEXANDRIA,  VA  2231** 

1  Committee  on  Cognitive  Research 
X  Dr.  Lonnie  R.  Sherrod 
Social  Science  Research  Council 
605  Third  Avenue 
New  York,  NY  10016 

1  Dr.  Alexander  W.  Siegel 
Department  of  Psychology 
SR — 1 

University  of  Houston 
Houston,  TX  77009 


Non  Govt 


1  Robert  S.  Siegler 
Associate  Professor 
Carnegie-Mellon  University 
Department  of  Psychology 
Schenley  Park 
Pittsburgh,  PA  15213 

1  Dr.  Edward  E.  Smith 

Bolt  Beranek  &  Newman,  Inc. 

50  Moulton  Street 
Cambridge,  MA  02138 

1  Dr.  Robert  Smith 

Department  of  Computer  Science 

Rutgers  University 

New  Brunswick,  NJ  08903 

1  Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  99305 

1  Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  University 
Box  1 1 A ,  Yale  Station 
New  Haven,  CT  06520 

1  DR.  ALBERT  STEVENS 

BOLT  BERANEK  &  NEWMAN,  INC. 

50  MOULTON  STREET 
CAMBRIDGE,  MA  02138 

1  Dr.  Thomas  G.  Sticht 

Director,  Basic  Skills  Division 
HUMRRO 

300  N.  Washington  Street 
Alexandria  ,VA  22 319 

1  David  E.  Stone,  Ph.D. 

Hazeltirie  Corporation 
7680  Old  Springhouse  Road 
McLean,  VA  22102 

1  DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIENCES 
STANFORD  UNIVERSITY 
STANFORD,  CA  99305 


COLORADO/ BAGGETT  October  23,  1981 


Non  Govt 


1  Dr.  Kikumi  Tatsuoka 

Computer  Based  Education  Research 
Laboratory 

252  Engineering  Research  Laboratory 
University  of  Illinois 
Urbana,  IL  61801 

1  Dr.  John  Thomas 

IBM  Thomas  J.  Watson  Research  Center 
P.0.  Box  218 

Yorktown  Heights,  NY  10598 

1  Dr.  Douglas  Towne 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
1845  S.  Elena  Ave. 

Re'1  ndo  Beach,  CA  90277 

1  Dr.  J.  Uhlaner 

Perceptronics ,  Inc. 

6271  Variel  Avenue 
Woodland  Hills,  CA  91364 

1  DR.  GERSH'.VN  WELTMAN 
PERCEPTION ICS  INC. 

6271  VARIEL  AVE. 

WOODLr"  HILLS,  CA  9136? 

1  Dr .  K*-.  .  T.  Wescourt 

Inform  >n  Sciences  Dept. 

The  Rariu  Corporation 
1700  Main  St . 

Santa  Moni<  i,  CA  90406 

1  DR.  SUSAN  WHITELY 
PSYCHOLOL-  DEPARTMENT 
UNIVERSITY  OF  KANSAS 


